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DONALD T. DOWNING, Ph.D., JOHN S. STRAUSS, M.D.
AND PETER E. POCHI, M.D.
ABSTRACT
Quantitative thin-layer chromatography was employed for the analysis of forehead
surface lipid from adult males over periods of up to fourteen months. For each subject
the lipid composition remained relatively constant. Large differences between individuals
were observed in the degree of hydrolysis of triglycerides to free fatty acids. Cholesterol,
cholesterol esters, wax esters and squalene did not vary appreciab]y between different
individuals.
As the result of numerous studies the chem-
ical composition of human skin surface lipid is
known in considerable detail. The proportions
of the various classes of compounds, namely
fatty acids, triglycerides, sterols, sterol esters,
wax esters and squalcnc, have been established
(1), as well as the structures and abundance of
the individual aliphatic components (2, 3).
However, for practical reasons, little is known
of the variability of sebum composition in the
individual, either on a day-to-day basis or as
the result of long-term trends.
Since skin surface lipid composition, partic-
ularly free fatty acid concentration, seems to
be involved in the pathogenesis of acne (4),
it is of importance to be able to determine the
effect of therapy on lipid composition. In con-
trast to the slow turnover in lipids in adipose
tissue, the skin surface lipid is subject to fre-
quent complete renewal, and would he
capable of reflecting sudden changes in the
composition of lipid emerging from the pilo-
sebaceous follicle.
To detect such changes in skin lipids, a proce-
dure for quantitative thin-layer chromatographic
analysis has been developed (5). In order to
employ this procedure in following the effects
of experimental therapy, it is necessary to know
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the normal variability of skin surface lipid
composition in the individual and also the de-
gree of variation existing between different
individuals. The present study was aimed at
obtaining this information.
MATERIALS AND METHODS
Collection of the skin surf ace lipid. The surface
lipid was extracted from a 10 sq. cm. area of the
forehead with 5 ml of ether pipetted into a glass
cylinder pressed to the skin. The so'ution of lipids
was recovered and the solvent removed in a stream
of nitrogen. The residue was stored in test tubes
with Teflon-lined screw caps at —20° until ana-
lyzed.
The study was limited to adult males, who
were required to avoid the use of hair dressing
and other sources of lipid contamination. Except
where otherwise noted the collection site was
washed thoroughly, using Ivory soap, three hours
prior to the extractions. The collections were made
twice weekly and the soecimens were either
analyzed within several days or stored until com-
pletion of each experiment, as noted.
Thin-layer chromatography. The factors govern-
ing the conditions selected for the thin-layer
chromatographic procedure and the photodensito-
metric evaluation of the chromatograms have been
discussed in a previous publication (5).
The 20 X 20 cm plates were spread with a 025
mm thick layer of silica gel G (E. Merck and Co.)
and after drying were developed in ether to re-
move lipid contaminants. The plates were re-
activated at 130° C for 30 minutes immediately
before use.
The samples for analysis were taken up in 02
ml of hexane and 3 pl aliquots of the solutions
were applied as central spots to 7 mm wide lanes,
2 em from the bottom of the plate. Each plate was
developed in three successive solvent systems:
hexane; benzene; and hexane:ether:acetic acid
(70:30:1). The developed plates were sprayed with
50% sulfuric acid and charred by heating to 220° C.
Photodensitometry. Quantitation of the charred
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FIG. 1. Appearance of the thin-layer chromatograms after charring: 1, paraffin hydro-
carbons; 2, squalene; 3, cholesterol esters; 4, wax esters; 5, triglycerides; 6, free fatty acids;
7, cholesterol; 8, diglycerides; 9, origin.
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weight per cent of the respective constituents in
the lipid mixtures, as judged by analyses of
reference mixtures of known composition. Paraffin
hydrocarbons, which were sometimes present in
varying amounts, were eliminated from the calcu-
lations on the grounds that they are, at least
predominantly, contaminants rathcr than true
metabolic products of the skin (6).
chromatograms was achieved by scanning each
lane with a photodensitometer (Photovolt Corpor-
ation Model 52-C) attached to a strip-chart re-
corder (Photovolt Corporation Model 42-B).
The areas of the peaks in the recorder output
were adjusted by a factor based on the proportion
of carbon in the respective molecules. For the
spots corresponding to cholesterol and diglycerides
a further adjustment to the integrator units was
made, by the factor 0.66, to allow for the en- aEsUL'rs
hanced carbon yield from compounds with free
hydroxyl groups (5).
The adjusted areas were then proportional to thin-layer plate after the resolved lipids have
Figure 1 indicates the appearance of a typical
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Fic. 2. Photodensitometer record of chromatograms. A, sebum sample; b, reference mix-
ture.
been charred. Each lane yields a complete class
analysis of a lipid sample, and reference mix-
tures may be included on the same plate. How-
ever, a detailed study indicated that the con-
tinual use of reference compounds was not
essential for accurate quantitative analysis (5).
It must be emphasized that the described pro-
cedure yields only the relative proportions of
the lipid classes in each sample and does not
attempt to relate to absolute amounts present
on the skin surface.
TABLE I
Evaluation of the accuracy of the
analytical procedure
The analytical results are the average from 20
consecutive chromatograms on one thin-layer
plate.
Constituents
Composition (wt. %)
Known Found (S.D.)
Cholesterol 2.5 2.2
Oleic acid 25.0 26.2
Triolein 30.0 30.8 1.74
Cetyl palmitate 25.0 24.8
Cholesterol oleate 2.5 2.4
Squalene 15.0 14.0
Figure 2a is an example of the recorder out-
put in scanning one of the lanes of a thin-layer
chromatogram of skin surface lipid. All of the
classes of lipid recognized as significant con-
stituents of the mixture found on the skin sur-
face are resolved. A comparable scan of a mix-
ture of pure reference compounds, combined
in the approximate ratios found on the skin, is
shown in Figure 2b.
The inherent accuracy and precision of the
analytical technique were investigated by
repetitive analysis of the reference mixture,
with the results shown in Table I. No correc-
tions were made other than those necessary to
allow for the differences in the proportion of
carbon in the respective molecules and for the
high yield of carbon obtained on charring free
alcohols. Similarly, repeated analyses were con-
ducted on a sample of skin surface lipid from
each of three subjects with the results shown
in Table II.
To determine the extent of any short-term or
long-term variation in surface lipid composition
in individuals, samples of lipid were accumu-
lated over a period of four months. At the end
of this time 25 samples from each subject were
applied to a thin-layer plate, randomly dis-
tributed among the lanes. After completion of
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TABLE II
Evaluation of the precision of the skin lipid analysis
Subject
13
16
17
aiys Diglycerides Cholesterol Fatty acids Triglycerides Wax esters Chol. esters Squalene
25
22
21
1.8 0.6
2.0 0.4
6.2 1.1
0.7 0.2
1.3 0.2
0.6 0.2
12.9 1.1
11.7 2.3
35.6 2.2
53.2 2.9
46.0 3.7
12.7 3.1
20.5 1.2
22.7 2.6
30.2 2.0
1.7 0.5
2.4 0.6
2.6 0.5
9.2 1.2
13.9 2.1
12.2 1.3
TABLE III
Stability of the chemical composition of human skin surface lipids
b) Period
No.of
aoaly-
ses
Diglycerides Cholesterol Fatty acids Triglycerides Wax esters Chol. esters Squalene
11
14
17
25
5/6/68—
7/1/68
7/8/68—
9/2/68
5/6/68—
7/1/68
7/8/68—
9/2/68
5/27/68—
7/1/68
7/8/68—
9/2/68
5/6/68—
7/1/68
7/8/68—
9/2/68
9
13
13
10
11
13
15
9
2.9±0.51.6±0.4
3.5±1.0 1.4±0.2
1.3±0.51.0±0.4
1.3±0.30.7±0.1
4.3± 1.9 2.3
4.5±1.4 2.0±0.5
3.3±1.00.9±0.3
4.0±1.2!0.8±0.2
27.3±3.5
26.3±4.0
7.9±2.3
8.6±3.0
39.0± 2.1
35.8±2.4
9.9±2.1
11.3±2.4
27.3±3.0
25.3±3.8
43.3±3.7
46.7±3.3
19.5±3.6
20.2±3.3
47.5±3.0
45.6±4.2
26.0±3.5
28.3±3.6
29.0±2.0
26.2±1.5
22.8± 1.4
25.7±2.5
25.0±0.8
25.0±1.7
2.1±0.5
1.9±0.4
1.5±0.3
1.5±0.4
1.7±0.4
1.8±0.7
1.3±0.3
1.0±0.3
12.9±2.3
13.3±2.1
15.9±0.7
15.0±1.0
10.3± 1.2
9.9±0.8
12.2± 1.5
12.3±1.3
the analytical procedure the results were
grouped into two consecutive two-month peri-
ods, as shown in Table III. For each individual
the proportion of each class of lipid was vir-
tually identical during the two periods. This
indicates that there were no long-term varia-
tions in the products of biosynthesis and no
progressive changes in chemical composition
resulting from storage. Furthermore, the over-
all variability of the results was not appreciably
greater than that observed for repetitive analy-
sis of single samples. If short-term variations
in composition do occur, they would appear
to be small, and little more than the inherent
variation in the analytical technique.
In a longer-term experiment, lipid samples
were collected from one subject for approxi-
mately fourteen months. During the first five-
month period of the experiment there was no
standardization of the time between washing
of the forehead and collection of the surface
lipids and the samples were analyzed as they
became available. During the next five months
the collection site was washed three hours prior
to collection, and again the samples were
analyzed within several days. In the final four
months of the study, preparation of the collec-
tion site was continued, but the samples were
accumulated until the end of the experiment
and analyzed on one thin-layer plate. In assess-
ing the results, the data from each of the three
periods were grouped into two consecutive sub-
periods, as shown in Table IV. In spite of the
variations in the experimental conditions and
possible variations in uncontrolled factors, there
was virtually no change in concentration of
any of the constituents of the skin surface
lipids.
In contrast to the remarkable constancy of
surface lipid composition of individuals, very
significant differences were apparent between
different subjects, In order to demonstrate
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TABLE IV
Long-term stability of the chemical composition of the skin surface lipids of an individual
Analyses Diglycerides Cholesterol Fatty acids Triglycerides Wax esters Chol. esters Squalene
1.4 0,6 1.6 0.6 14.9 3.5 39.6 4.8 26.8 3.8 1.2 1.5 14.3 2.7
2.2 0.5 2.0 0.3 19.5 2.5 40.0 4.5 23.9 3.0 1.6 1.2 10.9 1.8
1.8 0.5 1.7 0.4 16.3 2.3 41.3 2.7 25.5 1.2 2.3 0.5 11.2 1.4
0.5 20.0 5.2 39.0 3.8 24.5 2.8 2.1 0.8 11.4 1.9
2.0 0.5 16.9 3.3 40.2 4.0 24.9 2.3 2.5 0.7 11.1 0.8
1.8 0.4 15.3 2.8 38.6 4.1 26.7 1.2 2.8 0.9 11.7 0.8
TABLE V
Average composition of human skin surface lipid
for 17 subjects
Mean Range
Diglycerides 2.2 2.3—4.3
Cholesterol 1.4 1.2—2.3
Fatty acids 16.4 7.9—39.0
Triglycerides 41.0 19.5—49.4
Wax esters 25.0 22.6—29.5
Cholesterol esters 2.1 1.5—2.6
Squalene 12.0 10.1—13.9
this variation, the average composition of sur-
face lipids was calculated for seventeen sub-
jects for a period of two to three months at
approximately the same time of the year (mid-
February to mid-May). The mean and range
for each constituent (Table V) demonstrate
that only the free fatty acid and triglyceride
concentrations show marked variation between
individuals.
DISCUSSION
The studies of Haahti (3) indicated that
wide variation could exist between individuals
in the proportions of free fatty acids and tri-
glycerides in skin surface lipids and that there
may be little variation in the concentration of
wax esters. However, the use of only four sub-
jects, each sampled during a short period, did
not allow observations to be made regarding
possible variations with time. Although the
samples studied by Haahti were collected from
the backs of the subjects, the results are sim-
ilar in most respects to those obtained by us
from samples collected from the forehead. Two
of the samples studied by Haahti contained
larger proportions of diglycerides and sterols,
and smaller concentrations of squalene, than
we have seen, which may reflect anatomical
variation in the relative proportions of sebum
and epidermal lipid.
The analyses of scalp lipids by Nicholaides
and Foster (7) were conducted on pooled sam-
ples and can, therefore, provide no information
regarding variations between individuals, or
in the same subject over a period of time. Their
results, however, are generally within the range
of values outlined in the present work.
The present results indicate that the concen-
tration of free fatty acids in the skin surface
lipid, while differing widely between subjects,
shows little variation between samples collected
successively from the same subject over long
periods of time. As noted by previous investi-
ga.tors (8), the free fatty acids appear to derive
exclusively from the triglycerides, in view of
the inverse relationship between concentrations
of these two constituents, and the absence of
detectable quantities of free fatty alcohols,
which would be produced by hydrolysis of the
wax esters.
All of the available evidence suggests that
the biosynthetic pattern of the sebaceous glands
is very similar among different subjects and is
modified to differing degrees in individuals only
by hydrolysis of the triglycerides. Since we have
shown that this effect remains at constant
Period
7/14/67—
9/29/67
10/6/67—
12/26/67
12/28/67—
2/13/68
2/16/68—
5/17/68
5/3/68—
7/2/68
7/11/68—
9/2/68
21
17
12
27
16
9
1.6 0.7
2.4 0.7
.1.5
0.
9
3.1 ±
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levels for long periods there should be little
difficulty in detecting the influence of thera-
peutic procedures aimed at influencing the
degree of hydrolysis of the triglycerides.
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